1. Introduction
===============

Long duration of orthodontic treatment has always been of concern for many patients and clinicians. Increasing the velocity of tooth movement within physiological limits could decrease the side effects, and lead to more comfort and satisfaction for patients ([@b1-epj-10-6219]). Many modalities especially medications have been used for accelerating orthodontic tooth movement ([@b2-epj-10-6219], [@b3-epj-10-6219]). Low level laser (LLL) therapy has been used in treating many conditions with multiple clinical effects on both soft and hard tissues in dentistry. In orthodontics, the anti-analgesic effect of low-energy laser irradiation in reduction of post-adjustment pain has been recognized ([@b1-epj-10-6219], [@b4-epj-10-6219]). Some authors have exclusively concentrated on LLL as a potential stimulator of bone healing ([@b5-epj-10-6219], [@b6-epj-10-6219]). Stimulatory effects of low-energy laser irradiation on bone regeneration in rats have been noted before ([@b7-epj-10-6219], [@b8-epj-10-6219]). Guzzardella et al. observed accelerated defect healing following low power laser stimulation in rat femurs after only 3 weeks ([@b9-epj-10-6219]). In the study of Ozawa et al., it was demonstrated that laser irradiation stimulates cellular proliferation and differentiation of osteoblast cells, generating an increase in number as well as in bone formation ([@b10-epj-10-6219]). In the studies of Fujita et al. and Yamaguchi et al., it was revealed that low-energy laser irradiation accelerated tooth movement and osteoclastogenesis on the pressure site ([@b11-epj-10-6219], [@b12-epj-10-6219]). Furthermore, in the studies of Kawasaki and Shimizu, it was reported that low-energy laser irradiation stimulated the amount of tooth movement and development of osteoclasts on the pressure side during in vivo experimental tooth movement ([@b13-epj-10-6219]). Orthodontic treatment comprises biological development in which both bone formation and bone resorption are involved. However, there is still insufficient knowledge regarding the histological changes after laser irradiation on the site of tooth movement. Therefore, the present study was designed to compare histological effects of LLL on alveolar bone remodeling during experimental tooth movement with that of a control group.

2. Material and Methods
=======================

In this experimental study, which was performed in the animal lab of Mashhad Dental School in 2016, twenty pre-pubertal female albino rabbits (based on Akin's study ([@b14-epj-10-6219]) with the mean age of (8±1 weeks) and the mean weight of 1850 gr were randomly divided into equal groups. In both groups orthodontic force was applied using Akin ([@b14-epj-10-6219]) and Poosti ([@b15-epj-10-6219]) methods with 0.014 stainless steel wire in the vertical slot of bonded brackets. All the springs had similar diameter and height and were activated only once from one arm to insert 50gr distal force. In the first group low level laser (KLO3, Mustang, Russia, wave length: 980 nm, Power: 80 mw) was irradiated three minutes from the buccal aspect of the central teeth for 21 days. After this period, the distance between mesial corners of incisors was measured blindly by a caliper calibrated as 0.1mm. In the second group, the same method as the first group was used except that rabbits were not exposed to laser irradiation. This group served as our control group. Then all the rabbits were sacrificed by vital perfusion for histological evaluation. After fixation of maxilla in 4% formaldehyde, it was demineralized in EDTA for 60 days, dehydrated and embedded in paraffin. Serial sections were cut sagittally parallel to the long axis of the roots with 4 μm diameter, and stained with hematoxylin and eosin (H&E) to determine the number of resorption lacuna, and amount of fibrous tissue in the two groups, under light microscopy by ×100 magnification. Images were subsequently captured with a digital camera coupled to the microscope, and the operator who was blind to the study groups evaluated the specimen. Statistical analysis was performed by independent-samples t-test.

3. Results
==========

In this study, the number of resorption lacuna in the laser group was significantly greater than in the control group (p=0.0005). Also, the amount of fibrous tissue was significantly greater in the laser group (p=0.032). Our results showed that low level laser irradiation enhanced orthodontic tooth movement (p\<0.01) ([Table 1](#t1-epj-10-6219){ref-type="table"}). It could be seen in the H&E section that the number of resorption lacuna and fibrous tissue were greater in the laser group ([Figure 1](#f1-epj-10-6219){ref-type="fig"}).

4. Discussion
=============

In this study, we evaluated the effects of KLO3 laser with the wave length of 980 nm and 80 mw power on tooth movement in rabbits. We found an increased number of resorption lacuna and accelerated rate of tooth movement in the lased group in comparison with control group. Similar to our study, Fujita et al. ([@b12-epj-10-6219]) demonstrated that the rate of tooth movement after one week of low level laser irradiation was significantly greater (1.5 folds) in the lased group as compared with the control group. Kawasaki et al. ([@b13-epj-10-6219]) have also found similar results after 12 days (1.3 fold greater in lased group). In our study, the amount of tooth movement was significantly greater in the LLL group after 21 days in rabbits (1.2 fold, in comparison with control group). Youseff ([@b16-epj-10-6219]) has shown greater velocity of tooth movement in human patients with less pain during canine retraction, by irradiation of Gallium Aluminum Arsenide laser. In our study, histological evaluation showed that the number of resorption lacuna was significantly greater in the laser group and similar to our results, Cruz et al. ([@b17-epj-10-6219]) found more resorption lacuna after laser irradiation. Our histological assessment results showed that in contrary to Limpanichkul ([@b18-epj-10-6219]) findings, low level laser has adequate power to pass through soft tissues and reach alveolar bone, which is in agreement with Saito ([@b8-epj-10-6219]) and Kim ([@b19-epj-10-6219]) studies. Furthermore, low level laser does not have the disadvantage of systemic absorption, and it could be considered as a non-invasive method for acceleration of tooth movement. Conversely, Seifi et al. ([@b20-epj-10-6219]) believes that following low-level laser therapy (KLO3) with 630 and 850 nm wave lengths, the amounts of orthodontic tooth movement are diminished. The members of the laser group in Seifi's ([@b20-epj-10-6219]) study received laser for only 9 days but we exposed the animals to laser beam for 21 days. This difference could explain the contradiction between our result and Seifi's result. The study of Coombe et al. ([@b21-epj-10-6219]) also reported no evidence of effects on human osteosarcoma cell line (SAOS-2) while the cells were irradiated for 10 days with GaAlAs continuous wave diode laser (830 nm, net output of 90 mW, energy levels of 0.3, 0.5, 1, 2 and 4 J). It was determined that direct irradiation of LLL does not function as an accelerator stimulus for orthodontic tooth movement. Laser irradiation could alter blood flow in the exposed area ([@b22-epj-10-6219]), therefore it may have different effects while exposed in vital tissues rather than cell lines. However, our results showed an increase in resorption lacuna which could be explained by stimulation of osteoclastic activity in the area. These controversial findings were the main reason that our study focused on histological evaluation after laser therapy, and the methods used in this study showed that LLL therapy had a positive effect on the velocity of tooth movement in rabbits.

5. Conclusions
==============

In summary, our findings showed that in the laser group, orthodontic tooth movement was significantly more than in the control group and also, resorption lacuna were greater in the laser group. These findings may indicate that application of LLL in orthodontic clinics may accelerate the rate of tooth movement and decrease the duration of treatment. Finally, we suggest that other types of LLL and other protocols of irradiation be used in future studies.
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Comparison of Resorption lacuna, fibrous tissue and tooth movement (mm) in two groups

  Variables             Laser group (Mean±SD)   Control group (Mean±SD)   p-value
  --------------------- ----------------------- ------------------------- -----------
  Resorption Lacuna     3.3±1.29                1.75±1.07                 0.0005\*
  Fibrous tissue        80.4±13.6               67.8±10.4                 0\. 032\*
  Tooth movement (mm)   5.64±0.3                4.5±0.41                  \<0.001\*
